Background: Dementia is one of the public health priorities in China. This study aimed to examine the hospitalization costs of patients with dementia and analyzed the factors associated with their inpatient costs. Methods: This was a prevalence-based, observational study using claims data derived from two urban insurance schemes during the period from 2008 through 2013 in Guangzhou.
Introduction
Due to the rapidly growing aging population, dementia is becoming a major public health issue worldwide [1, 2] . A clinical diagnosis of dementia is based on a progressive cognitive decline and a clear departure from previous mental functioning [3] . A variety of pathopsychological progresses can lead to the clinical syndrome of dementia [3] , for example, among them, the most common cause is Alzheimer's disease (AD), followed by vascular dementia (VaD) [4] . A typical AD patient presents with other nerve system disorders such as behavioral or language deficits and visuospatial problems [3] . VaD is caused by insufficient blood supply to the brain following a series of minor strokes, which results in brain structural change and progressive cognitive decline [3, 5] . A review of global epidemiology of dementia reported that the prevalence of all types of dementia was 6.4% in Europe (age-standardized), 14% in the United States (US) among people over 71 years old, 15.7% for illiterates and 7.16% for literates in Latin American countries [6] . The proportion of people with dementia living in developing countries was expected to rise from 60.1% in 2001 to 71.2% by 2040 [2] . The rapid growth of the elderly
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Data Source
Guangzhou city, the capital of Guangdong Province, is the largest and most developed city in Southern China. Thus, the study sample mainly represents the urban population in Southern China. We chose Guangzhou city in this study for two reasons. First, from a practical standpoint, we are only able to access insurance claims data from Guangzhou city while not from other cities or provinces due to administrative restrictions. Second, insurance policies in China vary between cities, and analyzing the per-person costs from insurance claims of an entire city minimizes potential selection issues caused by population or policy differences between cities. The data for this study were derived from the UEBMI and URBMI claims databases of Guangzhou city during the period from 2008 through 2013. This was the latest and de-identified claims dataset that was available for our research, due to administrative restrictions on access to the insurance claims data. The databases contained information on sociodemographic factors, direct medical costs of inpatient care based on actual payments to providers from a total of 309 medical institutions and explicit classification of medical conditions for a large sample of hospitalized patients receiving dementia treatment in Guangzhou city. The detailed benefits and reimbursement policies of the UEBMI and URBMI schemes were summarized in Table 1 . The enrollees of these two urban schemes represented 96.6% of the registered residents in Guangzhou city [21] .
Study Design
A prevalence-based and retrospective approach was applied to identify the total medical costs of inpatients with dementia. The study included all inpatient records of people admitted to hospitals in Guangzhou city with the primary diagnosis of dementia. We reviewed all the reimbursement claims submitted for inpatient care during 2008 and 2013 and subjects were selected using the International Classification of Diseases Tenth Edition (ICD-10), which included AD (F03 and G30), VaD (F01) and other types of dementia (G20) [16] . The last category included other unspecified dementia. In the meantime, we consulted with a neurologist to confirm the above disease subtypes. The study excluded patients under 18 years of age. A total number of 5747 dementia patients, including 5013 and 734 patients who were insured with the UEBMI scheme and the URBMI scheme, respectively, were finally selected.
Cost Estimation
The UEBMI and URBMI claims data provided information about direct medical costs of inpatients with different kinds of dementia from the healthcare system perspective, including the reimbursement amount paid by the health insurance scheme (UEBMI or URBMI) and out-of-pocket (OOP) spending paid by the patients. According to the classification of costs used in the UEBMI and URBMI schemes, the total inpatient medical costs were categorized as laboratory and diagnostic costs, non-medication treatment costs, medication costs, bed fees and the costs of other fees, including special caring fees and air-conditioning. Laboratory and diagnostic costs were the expenses of physical examinations and biochemical tests. Medication costs were separated into Traditional Chinese Medicine and western medicine spending. Non-medication treatment costs were the costs of any other treatments except for medication, which contained blood transfusion expenses, surgery fees, anesthesia charges, and costs for medical consumables. In this study all costs from 2008 to 2012 were adjusted to 2013 Chinese Yuan (CNY) value considering the urban resident's Consumer Price Index (CPI) of Guangzhou city [21] . All costs were converted to US dollars. The annual exchange rate between US dollar and CNY in 2013 was: US$1 = CNY 6.196, based on the Bank of China data. 
Measures and Variables
The dependent variable in this study was total hospitalization expenditures per inpatient. The primary independent variable was types of health insurance and was dichotomized as UEBMI and URBMI. Additional confounders included in the expenditure model were gender, age, disease subtype, comorbidities, hospital levels (primary, secondary, tertiary), length of stay (LOS), and years. Hospitals in China are categorized into three levels: primary (community health centers with only basic facilities and very limited inpatient capacity); secondary (hospitals with at least 100 inpatient beds providing acute care and preventive care services to at least 100,000 people); tertiary (major referral centers and teaching hospitals in provincial capitals and large cities) [22] .
Predictors of total hospitalization costs for patients with dementia were identified based on the Andersen's behavioural model [23] . Individual characteristics were chosen based on: (1) predisposing factors-existing conditions with predispose individuals to use or not use services (e.g., gender and age); (2) enabling factors-conditions that facilitate or impede the use of services (e.g., insurance type and hospital levels); and (3) need factors-conditions that healthcare providers recognize as requiring long-term medical treatment (e.g., disease subtype, comorbidities, LOS) [23] .
Gender was dichotomized as male vs. female. Age was categorized into five groups: 18-50 years old, 50-59, 60-69, 70-79, 80-84, 85 and older. Disease type was grouped into three subtypes: AD, VaD, and other types of dementia. Comorbidities were measured as binary variables for the following conditions-whether having a diagnosis of hypertension, diabetes, coronary heart disease. Hospital level was classified into three levels: primary (level I), secondary (level II) and tertiary (level III). The LOS was grouped into five categories: less than 10 days, 11-15 days, 16-30 days, 31-60 days, longer than 60 days. Years were measured as binary variables for controlling the impact of policy changes across the years.
Statistical Analysis
Descriptive statistics (percentage, mean, median (25th-75th percentile) and standard deviation (SD)) were used for demographic information and costs. The Kruskal-Wallis test and Friedman's two-way non-parametric ANOVA test were used to identify the differences in inpatient costs by types of insurance, because the value of medical spending often has a skewed distribution. In order to determine the main drivers of total inpatient costs and account for the skewness of cost data, in this study we applied the extension of generalized linear model (GLM)-the Extended Estimating Equations (EEE) model [24] . Advantage of the EEE model was that no retransformation was required because predictions were made on the raw cost scale [25] . In contrast to the difficulties of selecting the appropriate link function and distribution by the traditional GLM model, the EEE model allows for estimation of flexible link and variance functions using the data at hand, thereby reducing bias and inefficiency in estimation [24] . In order to deal with patients' rehospitalization, we have corrected the standard errors for clustering at the patient level in the EEE model. We added interaction terms between insurance type and LOS categories in the regression analysis to explore possible interaction effects. All statistical calculations were performed using STATA version 12.0 (Stata Corporation, College Station, TX, USA).
Ethical Considerations
The present study was conducted according to ethical standards set by the institutional research committee. This research was approved by the Institutional Review Board of the School of Public Health, Sun Yat-sen University (Approval No. 2017012).
Results
Patient Characteristics
During the study period, a total of 5747 inpatients with dementia from the UEBMI and URBMI claims data in Guangzhou city were identified (see Table 2 ). Female accounted for a larger proportion of the overall sample (57.2%). The average age of the sample was 77.4 years old (SD = 10.0). Patients from the 70-80 age group (34.2%) outnumbered patients from the rest of the age groups. Among the total sample, 60% inpatients were AD subtype, 23.3% were VaD subtype, and 16.7% were other types of dementia. Overall 38.9% of the inpatients with dementia also suffered from hypertension, making it the major comorbidity among the enrolled inpatients. More than half of the inpatients (58.5%) received their treatment in tertiary hospitals, and 34.6% of the patients stayed in the hospitals for 15-30 days. The mean LOS was 24.2 days. Most of the patients in our study were covered by the UEBMI scheme (87.2%) ( Table 2) . n (%) for categorical variables and mean ± standard deviation (SD) or median (25th-75th) for continuous variables; UEBMI, Urban Employee-based Basic Medical Insurance scheme; URBMI, Urban Resident-based Basic Medical Insurance scheme; AD, Alzheimer's disease; VaD, Vascular dementia; Others, other forms of dementia.
Hospitalization Costs of Dementia and Cost Composition by Types of Insurance
Overall, the mean total inpatient costs of patients with dementia was CNY 9169.0 (CNY 9169.0 = US$1479.8, in 2013) (see Table 3 )., Non-medication treatment costs and medication costs were two of the biggest contributors to the total expenditures, accounting for 38.5% and 38.4% respectively. Laboratory and diagnostic costs ranked the third in all cost drivers (9.7%), followed by the bed fees (9.2%).
When comparing the hospitalization costs by insurance status, the mean total inpatient costs for patients with dementia under the UEBMI scheme (CNY 9425.0 = US$1521.1) was higher than the patients under the URBMI scheme (CNY 7420.5 = US$1197.6) (p < 0.001). However, the percentage OOP expenses of the total costs for the URBMI scheme patients (30.0%) was nearly 2 times that for the UEBMI scheme patients (18.1%), indicating the underlying differences in benefit packages of the two insurance schemes. Regarding cost composition, the biggest cost component in the UEBMI group was non-medication treatment costs (38.7%), while the biggest cost component in the URBMI group was medication costs (37.9%). 
Patient Characteristics Associated with Inpatient Costs by Types of Insurance
Inpatient costs between the UEBMI subgroup and URBMI subgroup significantly differed according to age groups, dementia subtypes, comorbidities, hospital levels, and LOS (p < 0.01) (see Table 4 ). Among all age groups for the entire sample, patients aged 50-60 had the highest mean inpatient costs (CNY 10,278.0 = US$1658.8), whereas patients aged over 85 had the lowest costs. This result was found for both the UEBMI and URBMI subgroups. Overall, the mean inpatient costs for patients with VaD (CNY 9934.0 = US$1603.3) were higher than that for patients with AD (CNY 8251.9 = US$1331.8). It was worth mentioning that the longest LOS (>60 days) incurred the highest mean medical costs for both the UEBMI and URBMI subgroups. The highest mean inpatients costs were found in patients staying in tertiary hospitals, nearly two times as high as the costs among patients being hospitalized in secondary hospitals for the overall sample. 
Influential Factors of Total Inpatient Costs
This study found that insurance type, dementia subtypes, comorbidities, hospital levels and LOS were significantly associated with inpatient costs of dementia (p < 0.01) for the overall sample (see Table 5 ). Compared with patients under the URBMI scheme, the inpatient costs of dementia for the UEBMI beneficiaries were CNY 1714.2 (US$276.7) significantly higher, after controlling for the cofounders (p < 0.01). When further adding the interaction terms in the model, there were statistically significant interactions between insurance type (UEBMI) and LOS (30 < Days ≤ 60; >60 Days) categories (p for interaction <0.01) (see Table 6 ). The model indicated that compared with patients under the URBMI scheme, the UEBMI enrollees had significantly higher hospitalization costs of dementia when the LOS was longer than 30 days. Different findings were observed between the UEBMI subgroup and URBMI subgroup (see Table 5 ). Gender was a significant factor only among the UEBMI subgroup, and male patients under the UEBMI scheme had significantly higher hospitalization costs than their female counterparts (CNY 594.1; p < 0.05). Among the UEBMI subgroup, the hospitalization costs for VaD inpatients and patients with other types of dementia were CNY 1317.3 (US$212.6) and CNY 1567.3 (US$253.0) significantly higher respectively compared to the AD inpatients (p < 0.01). Patients with hypertension among the UEBMI subgroup incurred significantly higher inpatient costs (CNY 642.7 = US$103.7) (p < 0.01), while patients with diabetes among the URBMI subgroup had significantly higher hospitalization expenses (CNY 3724.5 = US$601.1) (p < 0.05). Dementia patients stayed at tertiary hospitals had CNY6,153.0 (US$993.1) higher medical expenditures among the UEBMI subgroup and CNY 5097.8 (US$822.8) higher among the URBMI subgroup, compared with patients staying at primary hospitals (p < 0.01). Among the UEBMI and URBMI subgroups, patients with longer LOS incurred significantly higher inpatient costs after adjusting for other factors. Compared with LOS less than 10 days, hospitalization costs for the longest LOS group (>60 days) was CNY 16,933.1 (US$2732.9) higher among the UEBMI patients and CNY 7500.0 (US$1210.5) higher among the URBMI patients (p < 0.01).
Discussion
It was strategically important to understand the hospitalization costs of patients with dementia and the key drivers of the medical expenses in China due to the high burden of the disease. The present study was an observational study conducted with a large dementia sample in Guangzhou city. We found that the mean total direct inpatient costs of dementia were CNY 9169 (US$1479.8). The non-medication treatment costs and medication costs were the biggest contributors to the total expenses. The type of insurance schemes (UEBMI), different dementia subtypes, comorbidities (having hypertension), being admitted in the secondary and tertiary hospitals, and longer LOS were significantly associated with total inpatient costs of dementia patients. When further exploring the interaction effect between insurance type and LOS, we found that the UEBMI enrolees had significantly higher hospitalization costs as compared to the URBMI enrolees when the LOS exceeded 30 days. This was the first study using data from two urban health insurance claims data of an entire city to investigate the healthcare costs for hospitalization of dementia and compare the costs under two different urban insurance schemes as well as to identify the key drivers of inpatient costs for dementia in China.
Comparing our findings to studies in other developed countries, a significant wide gap was observed in the direct medical costs incurred in dementia patients. To compare the costs of different countries in different study period, we derived 2013 US dollar value by using consumer price indices of study countries in the years of costs and purchasing power parity (PPP) exchange rate in 2013 from the Organization for Economic Co-operation and Development (OECD) [26] . The average hospitalization cost found in this study (US$1479.8) was much lower than the costs in U.S. [13] , Germany [15] , Korea [16] , and Singapore [17] , but it was slightly higher than those inpatient care in some European countries [18] . The detailed comparison of hospitalization costs for dementia patients by country was summarized in Table 7 . However, the international comparison of the healthcare cost for dementia was limited by differences in the calculation methods (prevalence or incidence-based), different categories of costs included (inpatient, outpatients, nursing home or formal home care services) and different cognitive impairment stages of dementia (mild, moderate or severe) included in those studies. The variation also lied mainly in different health care systems across the countries.
Regarding the cost composition, the non-medication treatment costs (38.5%) and medication costs (38.4%) took up the biggest proportion of the inpatient costs for dementia patients in this study. The non-medication treatment costs for dementia patients included cognitive behavior therapy [27] , bright-light therapy [28] , art therapy [29] and reminiscence therapy [30] during hospitalization. Acetylcholinesterase inhibitors and memantine, an N-methyl-D-aspartic acid receptor antagonist were medications currently licensed for the treatment of dementia [3] . In northern, western and southern Europe [18] , the medical costs for non-medication treatment and medication were 53.7% and 46.2%, 49.6% and 50.3%, 49.6% and 50.3% respectively. Generally, it was difficult to compare the international studies on the composition of direct medical costs of dementia due to the significant differences in study methods, the subtypes of dementia included and the cost components considered [14] . When comparing cost components of dementia with previous studies in China, Zhou and Zhen [31] reported a consistent result: the biggest contributor to the direct medical costs was non-medication treatment and medication, taking up 29.78% and 31.8% of the total costs, respectively. The hospitalization costs of the present study included medication and non-medication treatment costs, while the inpatient costs in previous European study [18] mentioned above did not cover medication costs but mainly focused on inpatient care, which may explain the relatively higher hospitalization costs in our study.
When comparing the average costs of dementia reported in this study with previous China-based studies, our finding was higher. Wang et al. [19] reported the average direct medical care costs of AD were CNY 5640 (US$707.7, in 2006) per patient, while Xu et al. [10] estimated costs of dementia to be US$1004 in 2010 per case. It was inappropriate to compare the average direct medical costs of dementia per patient reported in this study to the other two China-based studies [10, 19] , since they narrowly focused on only one subtype of dementia, namely AD. Our samples included more subtypes of dementia than previous studies. The VaD subtype was more likely to incur higher medical expenditures than the AD subtype, which might explain the higher inpatient costs found in the present study.
This study also examined the differences in hospitalization costs of dementia between two urban health insurance schemes for the first time while the previous China-based studies did not mention. The patients enrolled in the UEBMI scheme incurred higher inpatient costs than the URBMI patients, but the UEBMI patients had a lower percentage of OOP expenses. This finding was consistent with previous research showing how different types of insurance affected health care utilization and costs among patients with other diseases in China [32] [33] [34] . The type of health insurance schemes was also found to be a significant predictor of the hospitalization costs of dementia, and the inpatient costs of dementia was significantly higher for patients with the UEBMI scheme. There are some reasons for this finding. First, since the UEBMI and URBMI schemes covered specific groups (see Table 1 ) with different financing mechanisms and reimbursement policies, the inequality in health care utilization and medical costs may exist among patients enrolled in different types of health insurance schemes [34] . Thus, the inpatients of dementia under UEBMI scheme, who have higher income and higher reimbursement ratios for more comprehensive services may seek better medical treatment at higher-level institutions and be more likely to spend more on health care. Second, the URBMI scheme does not provide adequate financial protection to cover the health care services for beneficiaries, thus may discourage the URBMI patients to use expensive services [32] . The health and economics outcomes may be worse among patients enrolled in the URBMI in which the scale of financing was insufficient [35] . As a result, inpatients who were insured by the URBMI scheme have worse personal financial status and relatively limited health care access, therefore, they would have lower health care expenses. Therefore, reducing the gap in reimbursement rates among these two insurance schemes should be a focus of insurance policy planning in China, as was shown in our results, dementia patients covered by the URBMI scheme had a higher percentage of OOP expenses than UEBMI patients. In order to narrow the disparities between these two different insurance schemes in financing, budget and benefit packages, we propose that the UEBMI and URBMI schemes should be further consolidated to be an integrated health insurance program in China.
In the present study, we found that compared with AD patients, the inpatient costs for VaD patients were significantly higher. Societies where hypertension was the major problem seemed to have a proportionally high prevalence of VaD [6] . More variable cognitive changes in VaD than in AD made it harder to be diagnosed: standard screening tests devised to detect AD proved less sensitive for VaD [4] . Thus, in order to pick up deficits in VaD patients, more tests such as the Montreal cognitive assessment scale were needed [4] , leading to an increase in the total hospitalization costs. Mortality was also found higher in VaD [4] , indicating a more serious condition in VaD patients that resulted in higher hospital utilizations than AD patients. In line with this study, Fillit and Hill [36] also reported the same difference between costs for patients with VaD and AD, where hospital costs and hospital days were two times greater for VaD patients. Due to the nature of symptoms of VaD, more complex medical treatments resulted in excess medical expenditures and extended hospital stays.
Consistent with the previous literature [37] , hypertension was found positively related to higher hospitalization expenditures among dementia patients. Compared with dementia patients without comorbidity, the existence of hypertension among dementia patients increased the severity of their conditions, inducing more medical resources consumption [37] . Consistent with other studies in China [38] [39] [40] , patients hospitalized at higher level institutions had higher inpatients costs. Patients admitted to higher level hospitals may often in more acute and sever conditions and thus need more expensive consumables and advanced diagnostic instruments which were not equipped in primary hospitals [39] . High-level hospitals had better resource distribution and patients in higher level hospitals would have higher medical services demand and utilization leading to higher medical costs in China [38] .
We found that longer LOS was related to higher medical expenditures, which was consistent with previous studies [36] . After examining the interaction effects, we found that LOS differed by insurance type. The UEBMI scheme patients had significantly higher hospitalization costs when the LOS exceeded 30 days, which suggested that strategies to reduce UEBMI patients' LOS may be needed to reduce the inpatient costs of dementia. The mean LOS per case was 24.2 days in this study, much longer than that in Australia (16.4 days) [41] , Romania (5.49 days) [18] and Ireland (23.7 days) [42] . The progressive and unpredictable nature of dementia posed enormous challenges to caregivers. Long survival time, fluctuating functional level and serious safety issue caused by psychopathologic behaviours such as wandering and hoarding contributed to the need of caregivers' full-time care and specialized caring skills [43] . Owning to the one-child policy, a named 4-2-1 family structure (e.g., a family constituted by four grandparents, two parents and one child) has become the mainstream family structure in China [44] . In the coming decades, the number of old people will keep rising as the number of available family caregivers shrinks [1] . Considering this socioeconomic transition, the traditional family-dependent long-term care (LTC) of the past would no longer suffice [45] . Comparing to the community-based dementia care setting which provided patients with well-established long-term care and rehabilitation system [15] , and well-established day centres and geriatric residences [46] in Western countries, the domestic LTC system in China is in its early stages: both institutional and community-based services barely exist at the time and could hardly meet the growing need for LTC in China [47] . Currently, tentative LTC reforms have been made by local governments, but public financial support is only available for partial nursing institutions and community health services leaving the main burden of expenses to be borne by individuals and families [48] . Though public funding constitutes the major source of LTC financing in China, a large proportion of costs is still paid by service users themselves [49] . Given the lack of post-dementia rehabilitation centres and financial support for long-term care of dementia, families would rather send patients with dementia to hospitals where health insurance is the primary payer for their healthcare expenditures, resulting in lengthy hospital stays and a huge waste of scarce medical resources. Hence, there is an increasing need for the Chinese government to support the establishment of an LTC insurance system that allocates LTC expenses more fairly across the government, individuals, and families, as population aging will double the LTC expenses by 2030 [48] .
There were some limitations in this study. First, this study only examined hospitalization costs. The costs of outpatient care, indirect costs due to loss of productivity and family members' informal care were not analysed since our dataset did not include this information. Thus, we may underestimate the total medical expenditures of dementia in China. Second, the study population was limited to urban insurance beneficiaries in one city of China and did not include rural patients, from which the sample cannot represent the whole Chinese population. Third, disease severity, which was often measured by the Mini-Mental State Examination and an important predictor of costs, was not included in the analysis because such data were not available in the claims data.
Conclusions
The costs of hospitalization for dementia were high and differed by types of insurance schemes in China. Dementia was associated with substantial hospitalization costs, mainly driven by the insurance type and lengthy hospital stays. The findings of this study could provide valuable information for understanding the burden of dementia and evaluating the health insurance policy in China. Future studies could consider including outpatient costs, direct non-medical costs, and indirect costs to measure the societal costs of dementia for a better understanding of the economic burden of dementia in China. In addition, studies could also consider analysing dementia patients covered by both urban and rural insurance schemes, as well as including patients from other cities in China, and collecting information on disease severity in future analysis.
The findings of this study have important policy implications for reducing the costs of hospitalization for dementia patients and improving the health insurance system in China. First, given the differences in reimbursement rates and benefit packages between the UEBMI and URBMI schemes, we suggest that these two urban health insurance schemes should eventually be consolidated to be an integrated insurance program in China. Second, efforts to reduce hospital LOS such as establishing more community-based care facilities, day care centres and promoting home-based care could be viable measures to contain hospitalization costs of dementia in China. Third, besides the basic health insurance schemes, China should establish a long-term care insurance program to support dementia patients who receive long-term institutional or residential care, which could reduce the economic burden of China's basic health insurance funds through reducing the lengthy hospital LOS. 
